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Abstract
Previous studies showed that people with obesity respond to high- or low-calorie foods differently from those with 
the standard Body Mass Index (BMI). Nevertheless, as suggested by the previous paper, sodium might be a clue that 
leads to high-calorie food intake, which then induces obesity. Also, the synergy between eating high-calorie food and 
high-sodium food was found to be one of the mechanisms that developed obesity. However, no study has been done to 
investigate the effect of sodium food on the appetite of people suffering from obesity. To find out this question, we will 
conduct behavior tests, including lexical decisions and visual stimulation, to determine whether the sodium component 
in the food can be a way to define the food stimuli that develop eating addiction in obesity population. Besides, we will 
compare which delivery of this kind of stimuli, through pictures or words, will affect the results more, if possible.
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Introduction
Obesity, defined as having a BMI of 30 kg/m2 or greater, 
has nearly tripled globally since 1975 [1]. More than 1.9 
billion individuals were overweight; of these, 650 million 
were obese in 2016 [1]. Obesity is clinically meaningful 
since it is linked to a significant increase in all-cause 
mortality. What is more, obesity is also a substantial risk 
factor for type II diabetes, cardiovascular-related disease, 
fatty liver, sleep apnea, and osteoarthritis; several types of 
cancer may also be produced as complications [1-3].
Current  therapies  for  obes i ty  include l i fes ty le 
modifications, pharmaco- and psychotherapy, bariatric 
surgery, and other personalized combination treatment 
[4-6]. However, the above treatment of obesity is 
hampered by poor effectiveness and a substantial risk of 
weight regaining [7]. This kind of unsatisfied treatment 
outcome is due in part to a lack of encouragement from 
the healthcare providers as well as the unsustained 
modification to the diet quality of the patients, which 
indicates the vital role of appetitive pathways in treating 
obesity. However, the understanding of the factors that 
affect appetites remains unclear.
Obesity has been connected to genetic and epigenetic 
variables in its aetiology [8]. Furthermore, energy intake 
that exceeds energy expenditure is the primary driver of 
weight gain. In this sense, obesity is caused by a long-term 
or surfeit positive energy balance [9-10]. Aside from these 
well-known characteristics, there is mounting evidence 
that obesity has certain parallels with addictive behaviours. 
Traditionally, addiction was defined as excessive intake of 
chemicals that resulted in physical dependency, marked 

by tolerance and withdrawal. Besides substance addiction, 
compulsive involvement in behaviours like gambling, 
sex, or eating was regarded as non-substance addiction, 
and the impulse to participate in these habits was merely 
psychological [11]. Recently, the conceptual paradigm of 
drug addictions has started to shift, with a greater focus on 
substance use behaviors rather than the molecular features 
of the substances themselves. It’s becoming evident that 
repeatedly engaging in numerous actions may cause 
physiological changes in the brain comparable to those 
seen in drug addicts. Consequently, addiction, according 
to contemporary theories, is a condition that manifests 
itself via a range of distinct behaviours. In this regard, 
overeating might be one of these habits. The yearning to 
overeat has been found to be stimulated by the scene or 
the odour of the food. According to a previous paper, if a 
person is regularly exposed to food cues, the sight or smell 
of food may serve as a conditional stimulus for the people 
to consume [12]. Therefore, food hunger and the brain’s 
sensitivity to food signals are conditional responses to 
conditional stimuli. And the food cues can be a point to 
studying the relationship between obesity and food intake.
Unsurprisingly, a large number of studies regarding 
food cues and response from people has been conducted 
among participants in various age ranges, different 
genders, or in divergent testing methods. However, the 
food cues in these studies were categorized only by high 
or low calories. The 13th General Program of Work 
(GPW13) suggested that the Health Assembly approved 
in 2018 that salt/ sodium might be a potentially harmful 
substance that leads to several obesity-related symptoms 
like hypertension [13]. Also, previous studies found that 
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sodium intake was correlated to the increase in BMI and 
the risk of cardiovascular diseases both in the human 
and mice models [14-16]. Some people thought that 
these results might be because high-calorie foods tend 
to be high in sodium, especially fast foods like chips 
and fries. Indeed, foods like cottage cheese are also high 
in sodium but are deemed to be healthy and not in high 
calories per serve. In 2015, researchers from British and 
Chinese found out that an additional gram of salt each 
day elevated the risk of obesity in children by 28% and 
in adults by 26%, which indicates that exceeding salt 
intake could be an independent risk factor for obesity [17]. 
Correspondingly, we think sodium content in the food 
might be an independent stimulus for appetite. Similar to 
the calorie in the food, salt content in the food might be 
a potential cue to stimulate the appetite of people, so that 
increase food intake. 

Article IV. Proposed studies: Is the 
reaction to food stimuli in various 
sodium content differ among the people 
suffering from obesity?
The proposed study addresses (i.) if the salt/sodium 
content in the food can affect the food appetite among 
people suffering from obesity and (ii.). which kind of 
delivery of this stimulus will affect the people’s appetite 
the most. This study will measure the mean reaction 
time from groups of ordinary and obese people after 
the recognition tests. The test stimuli will be presented 
as words and pictures, respectively. To resolve these 
questions, we will follow the lexical tests carried out by 
Tárrega et al. [18] and the visual stimulation by food 
pictures conducted by Duszka et al. [19].

Method
Participants. 60 participants aged between 65 and 74 
will be randomly recruited because studies have found 
the obesity rate to be the highest in this age range [20]. 
Moreover, the participants will be divided into two groups 
according to their BMI: non-obesity people (BMI<30.0) 
and obese people (BMI≥30.0). SDS scoring tests 
should be done ahead of the experiment to eliminate the 
confounding of the appetite of participants brought by the 
mental disorder.
Recognition tests: lexical decisions and visual stimulation. 
In our experiment, our stimulus used will focus on the 
sodium concentration within the food. After delivering the 
stimulus, we will analyze the participants’ latency data of 
reaction to foods at different sodium levels. In the lexical 
test, we will prepare 45 words with high and low sodium 
foods from Food Dictionaries and Encyclopedias provided 
by the U.S. National Agricultural Library (USDA). And 

in the visual stimulation, we will find the pictures that 
correspond to these food words by searching in the food-
pics database built up by Blechert et al. [21].
The experimental sessions should be taken place at noon. 
All participants should have a breakfast consisting of 
a liquid and a solid piece of food in the morning. Both 
recognition tests will be brought out on the computer. In 
each trial, a fixation point (+) will be presented for 500 ms 
in the center of the computer screen. Then, the target word 
(always in lowercase, in black on a white background) 
or the picture of the foods (white background) will be 
presented in the center of the computer screen until the 
participant responds or until 3000 ms elapse. The inter-
trial interval is 1.5 s. Participants will be told that they 
should answer the question if they are pleased to see this 
picture/words or not—Z (“yes”) or M(“no”). In each 
test, the task will include a practice block of 16 stimuli 
(4 words/pics in high sodium food, four words/pics in 
low sodium food, and eight pics/words that are not food) 
followed by three blocks of 60 stimuli each (15 words/
pics in high sodium food, 15 words/pics in low sodium 
food, and 30 pics/words that are not food). The order of 
the items in the experimental blocks will be randomized 
for each participant. The latency of the reaction to Z 
(“yes”) will be calculated at last to measure participants’ 
preference for foods in high sodium and low sodium.
Predictions. According to the review by Liu et al. [22], 
obesity might be a kind of bodily trait that supports the 
body-specific hypothesis because obese people might 
respond to different food stimuli. Based on this approach, 
we will be taking on speculation to conclude that obese 
people might react differently toward food with high or 
low sodium levels. Ma et al. state that taking in sodium 
causes adult body weights to grow significantly [23]. 
Also, people usually have a shorter reaction time when 
hearing or watching their preferred things [24]. We, 
therefore, predict that people with obesity will have a 
shorter reaction time towards the high sodium food cues 
and vice versa in the non-obesity group. RT distribution 
analysis with a delta plot will also be used to analyze the 
preference for sodium levels in the food throughout the 
sample groups. It is predicted that people with healthy 
weight will have a similar preference towards both low 
sodium food and high sodium food which will show a flat 
line in the delta plot and the intercept will around zero. 
In contrast, people with obesity will have a significant 
distributional difference in RT between low-sodium and 
high-sodium stimuli that the intercept in the delta plot 
will be far away from zero. We will also focus on the 
percentile and momentum change in this group, here we 
expect that the trend of increments may similar to the 
results from Tárrega’s study that obesity will have an 
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obvious rising with longer mean RT, but the results in the 
healthy group will tend to be stable [18].

Figure 1. Predictions of the proposed study. 
(A) People with obesity will have a shorter 
reaction time towards the high sodium food 
cues and longer for the low sodium food cues. 
Correspondingly, a conversed resulted will 
be showed in the healthy weight group. (B) 
Distribution of the mean RTs.

Conclusion
As obesity is a category of illness that can lead to several 
mortal complications, it is still urgent to find novel 
preventions and treatments. Diet adjustment is one of 
the well-known methods for preventing and treating 
obesity. In our proposal, we convey two subtle methods to 
investigate the attentional biases to food-relative stimuli in 
people with obesity. In our potential analysis, rather than 
just comparing the RT, we will focus on the distribution 
of RTs by using incremental plots. This kind of quantile-
based method can provide converging evidence to 
our predictions. If the result of the study supports the 
predictions (Fig 1.), we can give one more aspect of 
suggestions for a healthy diet with significant theoretical 
and clinical implications. However, this outcome will 
still lead to questions about whether other factors 
can synergize with sodium levels in food on people’s 
appetite. Past studies on high sodium intake correlation 
with obesity have suggested that the pathophysiologic 
mechanism of obesity has high relation with ghrelin 
[25]. As noted, ghrelin acts as a regulator of fats and 

appetite, thus relating to the pathogenesis of obesity. In 
future studies, it is recommended to imply a sodium-
related food stimulus to measure the amount of ghrelin 
in a dish which can also consider the role of ghrelin in 
affecting a participant’s weight. Although we exclude the 
mental disorder confounding in our proposed studies, past 
studies have shown that mood disorders affect an adult’s 
appetite [26]. Hence, we can investigate a further step 
on how people with mental disorders prefer salty food, 
which is related to obesity. In this case, the correlation 
between salt/sodium intake and obesity can be tested more 
accurately. As for the recording methods, EEG and fMRI 
may also be used to determine how food stimuli affect 
cognitive function from the aspect of neurons or cells 
level.
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